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nature of a vector is a mystery, although they 
could write out a complete theory of the central 
axis; and to whom numerical calculations of any 
description are as the abomination of desolation. 
In his Lemons the author has provided the student 
with an ample supply of algebraical exercises, and 
to these the volume before us provides a supple¬ 
ment, the scope of which is indicated by the 
warning : “ Bien entendu, il n’aura jamais de recul 
devant les calculs numeriques, sans quoi il vaudrait 
mieux fermer le livre pour toujours et changer de 
carriere. ” The chapters are arranged to be 
worked through, pari passu, with corresponding 
sections in the Lepons, so that a wide extent of 
ground is covered in these 120 odd pages. Close 
attention is paid throughout to relative and abso¬ 
lute errors. Many of the exercises deal with 
problems occurring in railway management, and 
may be novel on this side of the Channel. The 
book will be a useful addition to the library of 
the teacher or examiner. 

(6) Miss Hudson’s monograph on “Ruler and 
Compasses,” which has somehow strayed into this 
group of elementary -text-books, takes us on to a 
higher plane. Class-book in its entirety it can 
scarcely be in the schools of to-day, but none the 
less will it find a place on the shelves of the 
teacher who is in search of leading ideas, of the 
folk who in other days would have exhibited their 
taste for geometrical study in the Palladium,” 
the “Apollonius,” or the “Ladies’” and “Gentle¬ 
men’s ” Diaries of their time. There must be 
a considerable proportion of those possessed of 
general culture who see something repellent in 
analysis, who find generalities too great a burden 
for their powers of assimilation, and who never¬ 
theless have a native talent for the elementary 
investigations of pure geometry. Among them 
is, for instance, that small coterie who feel a 
never-failing charm in the elusive mysteries of 
cyclometry. To these it will appeal as well as 
to the mathematical elect, beginning with the 
cream of the schools—who will find Miss Hudson’s 
book uncommonly useful, for example, in pre¬ 
paring for their “essay paper,” quite apart from 
its intrinsic interest and value—and passing on to 
the trained mathematicians, whose interests have 
been mainly analytical, and who will be glad to 
find within two covers a host of material such as 
that due to Messrs. Richmond, Gdrard, Hobson, 
etc. How many of the old stagers have heard of 
an Einheitsdreher, or can state the meaning of 
geometrography ? We cannot better describe the 
author’s scheme than in her own words: “The 
connecting link through the book is the idea of 
the whole set of ruler and compass constructions, 
its extent, its limitations, and its divisions.” In 
completeness and in clarity of exposition it ranks 
with a companion volume in the same series, the 
“Projective Geometry” by Prof. Mathews, and, 
though not comparable in scale, we do not think 
that “ masterpiece ” is too strong a word to apply 
to each. Some day, but not yet, we may forgive 
Miss Hudson for the omission of an index. 

W. J. G. 


OUR BOOKSHELF. 

First Course in General Science. By Prof. F. D. 
Barber, M. L. Fuller, Prof. J. L. Pricer, and 
Prof. H. W. Adams. Pp. vii + 607. (New' 
York: Henry Holt and Co., 1916.) 

This book is written for the American school 
child. It opens with the statement that “the 
primary function of first-year general science is 
to give, as far as possible, a rational, orderly, 
scientific understanding of the pupil’s environ¬ 
ment to the end that he may, to some extent, cor¬ 
rectly interpret that environment and be master 
of it. It must be justified by its own intrinsic 
value as a training- for life’s work Setting out 
writh this idea, the authors take the various 
phenomena with w'hich the child is likely to be 
confronted, and deal with them in a manner cal¬ 
culated to arouse his interest. The opening chap¬ 
ter deals with lighting : with candles, lamps, and 
kerosene; these subjects lead up to evaporation, 
boiling temperature, etc., then to petroleum, gaso¬ 
lene, coal gas, and finally to electric lighting. 
In the second chapter the authors pass on to 
heating: fires, stoves, combustion and energy, 
chemical compounds, coal, the measurement 
of heat, house-heating and cooking. A third 
chapter is devoted to the refrigerator, which 
plays a large part in the domestic economy 
of the States; this leads on to ammonia, 
the freezing of water, and cold storage. The 
weather is next discussed. The child by this 
time has gathered some general physical ideas 
and he can the more easily grasp the somewhat 
complex problems now presented to him. Meteor¬ 
ological instruments, w'eather charts, the seasons, 
climate and its relation to health, are all de¬ 
scribed. The principles of ventilation are then 
treated at length, folkwed by an account of dust, 
the vacuum cleaner, and the dangerous, because 
dusty, hangings of rooms. 

The authors then deal with a wholly different 
subject: food. They are concerned more parti¬ 
cularly with its preparation on both the large 
and the small scale. The next chapter is devoted 
to micro-organisms, and later chapters to soil 
physics, sewage, and machinery. 

Thus the whole range of a child’s experience 
is fairly well covered. It is difficult to form an 
opinion as to the general suitability of a book of 
this sort: usually one tells children about these 
things, and adapts one’s methods to the audience, 
developing a theme when it seems desirable, but 
never treating two different audiences in the same 
way. Probably the best use of the book is as a 
teacher’s guide to give him “copy” wdiich he 
can work up and adapt to his own class. 

The Mechanical Star-bearing Finder: A Simple 
Guide to Night Marching in Southern England 
and North France. By E. T. Goldsmith. 
(London : George Philip and Son, Ltd.) Price 
5s. net. 

This is a convenient pocket arrangement by 
means of which one can solve several of the 
problems which are capable of solution by the: 
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celestial globe. It is intended primarily for the 
determination of bearings by observations of 
stars, for use in night marching. Briefly, it is 
a planisphere in which the principal stars which 
are not too far from the equator are represented 
in a cylindrical projection; the star-chart is ad¬ 
justable for different dates, and there is a movable 
celluloid protractor on which are marked the pro¬ 
jection of the horizon and the projections 
of vertical circles at intervals of io°. Fol¬ 
lowing the ■ simple instructions given, the 
magnetic bearing of a star, even if its 
name be unknown, can readily be ascertained. 
The operations are entirely mechanical, and 
anyone of ordinary intelligence should be 
able to determine directions with considerable 
accuracy. The form of projection adopted, how¬ 
ever, has the defect of failing to give bearings 
of stars towards the north, and it is not very 
dear why the results are expressed in magnetic 
instead of in true bearings. A protractor adapted 
for southern Scotland and northern England is 
obtainable alternatively or separately. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for 
opinions expressed by his correspondents . Neither 
can he undertake to return , or to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications .] 

The Temperature Coefficient of Gravity. 

In Phil. Trans., May 17, 1916, Dr. P. E. Shaw 
published an account of a research from which he 
deduced that the gravitational constant is increased 
by one part in eighty thousand when the temperature 
a f the larger mass is raised one degree. According 
to Dr. Shaw’s interpretation of the experiments, it is 
the mean temperature of (the system which affects the 
coefficient of attraction, so that in the case of extremely 
unequal masses it is the temperature of the larger 
mass only which counts. The evidence does not seem 
strong enough to support so revolutionary a conclusion 
in view of the almost insuperable theoretical objections. 

One or two of the more obvious difficulties may be 
formulated in a few words. 

Take as an example the earth and a mass of 1 kg. 
Divide up the earth (ideally) into “ terrestrial particles ” 
of. say, 1 mgrm. each. When the temperature of the 
kilogram mass alone is raised one degree its attrac¬ 
tion for each “terrestrial particle” should be increased 
proportionally by 1-2 x io -5 . But by the same reason¬ 
ing the attraction between the kilogram mass and the 
earth as a whoie should remain sensibly unaltered. 
In like manner, if we keep the kilogram mass at con¬ 
stant temperature and alter the temperature of the 
earth, the attraction between the kilogram and each 
“terrestrial particle” will be sensibly unaltered, while 
the attraction between the kilogram and the earth as 
a whole will have changed. This seems so essentially 
paradbxical that it is difficult to conceive of any supple¬ 
mentary hypothesis elastic enough to reconcile the con¬ 
tradiction involved. 

The only ^way of avoiding this inconsistency is to 
admit that it is the product of the two values of a 
temperature-function which counts— i.e. that the tem¬ 
perature of the smaller mass is just as important as 
the temperature of the larger mass. Once this is 
admitted the experiments of Povnting and Phillips 
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prove that no variation exists greater than 10 - 9 per 
degree Centigrade. 

It may be argued that the temperature of the attract¬ 
ing body determines the attraction— i.e. that action is 
not necessarily equal to reaction. In addition to 
violating the principle of momentum, this involves the 
possibility of constructing a perpetuum mobile. An 
elongated body, kept hotter at one end than at the 
other by means of ideal thermal insulation, would 
experience a resultant force in the direction of its 
length, and could be made to do work indefinitely by 
harnessing it like a horse to a mill. Is anybody pre¬ 
pared to believe this on any but the most conclusive 
experimental evidence? 

Again, it has been suggested by Prof. Barton that 
the temperature of the intervening radiation may 
determine the attraction. But the temperature of 
radiation is independent of the intensity, so that in¬ 
definitely feeble radiation would produce a finite effect. 
If the intensity of the radiation is substituted as the 
determining factor, it implies that the attraction of 
two bodies is increased if a beam of light passes be¬ 
tween them. If energy is to be conserved, this would 
imply that two bodies moving relatively to one another 
could increase or diminish the energy of a beam of 
light passing between them, arid such a result would 
certainly be rather startling. Still more extraordinary 
would it be to find that a variation of o-oi of a stellar 
magnitude on the part of the sun would change the 
length of the year by several minutes; yet this is what 
would be implied. There is no record of an appreciable 
change in the earth’s orbit caused by sun-spots. 

When one comes to examine the evidence out of 
which ail these paradoxes arise, it can scarcely be said 
to be sufficient. Thus, for instance, as “indirect ex¬ 
perimental evidence,” Dr. Shaw cites Cornu, who 
found 5-50 for the earth’s ,mean density from winter 
work, and 5-56 from summer work, a difference of 
i i per cent. To reconcile the sign of this variation 
with his own temperature coefficient, Dr. Shaw sug¬ 
gests that the apparatus in a laboratory may have a 
higher temperature in winter than in summer. He can 
scarcely have noticed that the excess of temperature in 
winter would have to be some 900 degrees. Again, 
from Prof. Boys’s work on the gravitation constant’ 
Dr. Shaw deduces a temperature coefficient of io~ 3 , of 
which, according to his own results, 987 per cent, 
must be ascribed to error. Can we have much con¬ 
fidence in the remaining 1-3 per cent. ? 

While we must all admire ,the experimental skill 
which enabled Dr. Shaw to observe a change of 
o*2 mm. at either end in a range of 200 mm., using 
a _ telescope and scale (especially when we know the 
difficulties he had to contend with), we can scarcely 
be expected to make these radical changes in our 
theories on the strength of such a very small effect. 
Though his reasons for rejecting’ experiments 
which, gave a negative value for the temperature 
coefficient were no. doubt excellent, the fact that such 
readings occurred is a .little disquieting. Again, the 
readings vary amongst themselves by as much as the 
whole effect, and one knows how misleading a mean 
value of, say, 176-2, 175.-9, i75'75 may be when the 
whole residual effect is only 0-4 mm. 

. In conclusion we should like to express our admira¬ 
tion for Dr. Shaw’s experimental work. We fee! that 
as the result of such an elaborate research a null result 
is quite as important as, if less sensational than, a 
positive one. To have reduced the apparent tempera¬ 
ture coefficient of gravity from the io~ s deduced from 
I rof. .Boys’s measurements to one-eightieth of that 
value is certainly no mean achievement. 

F. A. Lindemann. 

_ , _ , C. V. Burton. 

South Farnborough, Hants, December 4. 
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